There have been growing calls to develop the use of Geographical Information Systems (GIS) across the humanities. For this shift to take place, two things must be demonstrated:
Introduction
In recent years the use of Geographical Information Systems (GIS) has become increasingly widespread in historical studies and, as a result, Historical GIS is now a widely accepted field of scholarly research. 1 This field has well-established technical and methodological underpinnings and, critically, is making significant contributions to knowledge across a wide range of topics, including environmental history, 2 economic history, 3 historical demography, 4 medieval history 5 and urban history 6 . Whilst this represents a major achievement for a nascent scholarly field, the impact of GIS, to date, has been significantly circumscribed by the fact that its databases are best suited to handling information in tabular form. This represents a significant limitation as most of the sources used by historians are unstructured text. Over recent years, however, there have been increasing calls for the development of a Humanities GIS: a development which requires the use of GIS to spread from quantitative to qualitative historical research and even literary studies. Clearly, for this shift to take place, there is a need for GIS to operate with textual data. The first challenge, then, is technical; but, alongside this, Humanities GIS must reach out to a wider scholarly constituency by demonstrating that the use of GIS can make a significant contribution to knowledge.
This paper describes a pilot project that explored the potential for a GIS in literary studies. It focuses on two historical accounts of two tours of the English Lake District. The aims are two-fold: to demonstrate that it is technically feasible to build a GIS of unstructured text; and to demonstrate the techniques and approaches that open up critical and conceptual potentiality for future mappings of literary texts. The principal aim of the pilot project was to establish an overarching methodology for literary GIS; and, through the mapping of texts by Thomas Gray and Samuel Taylor Coleridge, it is hoped that we have provided the technical foundations for further theory and praxis.
Challenges for a literary GIS
Although most literary texts are set in particular geographical locations at specific historical moments, there has been a tendency for literary criticism to privilege the representation of temporality over issues of spatiality. This privileging of time over space has been recognised by P. E. Wegner, who argues that: 'Characters are fundamentally temporal constructs that unfold in a space, or "setting", which, once established, seems to remain constant.' 7 In other words, geographical setting is seen to be of secondary importance to the 'unfolding' of individual characters over time. The particular object of Wenger's critical attention is the novel; but his argument can be applied to the criticism of all literary genres, as evidenced by the fact that New Historicism remains the dominant theoretical mode for critical responses to Romantic poetry. 8 As Wenger points out, however, literary criticism has fed off, and back into, the so-called 'spatial turn' across the humanities: 'an emerging interdisciplinary formation centred on the problematics of "space", "place" and "cultural geography"'. 9 This conceptual preoccupation with spatial experience, and, by extension, its textual representation, has been manifested in numerous ways, many of which have emerged directly out of mid-twentieth century phenomenological thinking. A key sub-strand within this field of 'spatial criticism' has involved the mapping of geo-specific literature: a cartographical mode of criticism which can be located in M. Bradbury's The atlas of literature and which was developed further by F.
Moretti in his seminal work, Atlas of the European novel 1800-1900. 10 For both Bradbury and Moretti, maps are used to chart the movement of characters through places and spaces; maps are used to reveal the patterns and trajectories which are embedded within the textual representation of space and everyday spatial practice. Although both Bradbury and Moretti are primarily interested in the novel, a cartographical approach to literary texts clearly offers particular potential for the critic interested in travel writing: the textual documentation of the actual movement through named topographies.
In a more recent monograph, Graphs, maps, trees, Moretti develops his interdisciplinary approach to critical practice through the articulation of a model of 'distant reading': a mode of critical engagement 'in which the reality of the text undergoes a process of deliberate reduction and abstraction'; a mode in which the critic is able to develop an understanding of overarching patterns and connections across a large corpus of primary texts. 11 Moretti, in developing this 'abstract' methodology, draws upon the representational tools of scholars working in other disciplines: 'graphs from quantitative history, maps from geography, and trees from evolutionary theory'. 12 Graphs are used, for example, to represent the shifting popularity of different fictional forms (the epistolary, gothic and historical novels) between 1760 and 1850; whilst a diagrammatic tree is constructed to facilitate further understanding of the generic evolution of detective fiction. Both graphs and trees seem to open up critical and conceptual potentiality through the visualisation of broad trends and literary connections; they provide a means of concretising the abstract.
Moretti's maps, however, offer a less convincing visualisation of his critical mode of 'distant reading'. Maps are used, for instance, to illustrate the representation of space in Mary
Mitford's Our village: sketches of rural life and scenery: a series of sketches of spatial everydayness which was published between 1824 and 1832. The mapping of the detailed geospecificity of Mitford's first volume, though, is necessarily predicated upon close critical engagement with the primary text; and, as a result, the practice of 'close reading' seems to be privileged over 'distant reading'. A second problem with the literary mappings of Mitford's writings -a problem in common with all conceptual research based upon traditional cartographical practice -is that such maps are time-consuming to produce and, once completed, are not easily altered. As a result, the map is presented as a fixed, static representation of space and the opportunities for cartographical refinement and layering remain limited.
GIS has the potential to resolve both of these problems: it allows users to produce maps with relative speed and thereby facilitates the drive towards the identification of large-scale spatial patterns; and it grants users the opportunity to revisit and to revise maps throughout the research process. That said, the use of GIS also brings a number of problems of its own. The first of these is how to convert a text into a GIS quickly and effectively. This will not be answered in this paper but possible approaches which are being developed will be discussed in the conclusion. The second is that a GIS models the world by having a The literary Lake District and the choice of texts
The Lake District, shown in figure 1 , is a small but mountainous area in the north-west of England. It incorporates the only three mountains in England to reach over 3,000 feet and around ten significant lakes, the largest of which, Windermere is over ten miles long. The area, which was designated a National Park in 1951, historically included tracts of land from the old counties of Cumberland, Westmorland and north Lancashire; but, following regional boundary changes in 1974, the Lake District National Park was absorbed into the new administrative territory of Cumbria. Despite its small size -the National Park covers an area of less than 900 square miles -the Lake District has an incredibly rich literary tradition that includes writers such as William Wordsworth and the Lake Poets, Beatrix Potter, Arthur
Ransome, Alfred Wainwright, and Norman Nicholson. 14 Clearly, this imaginative literature has been influenced by the singularity of the regional topography; but, at the same time, this writing has helped to shape the ways in which this landscape has come to be perceived within the national, and even international, consciousness.
This intersection of geographical and cultural factors made the Lake District an ideal site for a pilot study on literary GIS. The selection of primary texts, however, was more problematic.
As the primary aim was the exploration of potentiality, rather than the construction of a complete system, the decision was made to focus on two relatively short textual accounts of moving through the Lake District: Thomas Gray's account of a tour in the autumn of 1769;
and Samuel Taylor Coleridge's nine-day walking expedition of August 1802. From a technical perspective, these texts have distinct advantages: both accounts are relatively short (approximately 10,000 words); and, as written documentations of actual tours, the respective texts contain a significant amount of geographical information on spatial data. 15 The two tours also have particular literary significance within the cultural history of the Lake District.
Gray's account can be read as a proto-Picturesque text; that is to say, his representation of spatial experience contains many of the characteristics which would come to be associated with that touristic way of perceiving the Lake District landscape. Coleridge, however, was a troubled figure: he felt suffocated by domestic life; he was increasingly addicted to opium; and his relationship with the Wordsworths was in decline. It was within this biographical context, then, that, Coleridge set out alone from Greta Hall on a walking tour of the western fringes of the Lake District in August 1802. Coleridge's experience of moving through the region was documented in his Notebooks; alongside this, his tour was recorded in a series of letters sent to Sara Hutchinson, the woman with whom he was in love.
Building the GIS
Constructing the GIS of these tours effectively fell into four stages: digitising the texts; extracting place names from these digital texts; adding co-ordinates to the place names; and then converting this spatial data into GIS form. The first of these was relatively simple. Given the short lengths of the texts the easiest approach was simply to type them up by hand. Texts were sourced from the definitive scholarly editions: P. Toynbee and L. Whibley's
Correspondence of Thomas Gray; 17 E.L. Griggs's Collected Letters of Samuel Taylor
Coleridge; 18 and K. Coburn's The Notebooks of Samuel Taylor Coleridge. 19 They were typed up using eXtensible Markup Language (XML) tags in order to structure the texts. Tags were particularly used to identify place names. In addition, place names were flagged in an attempt to identify whether the writer actually visited a particular location -which we have termed a 'visit' -or whether he was referring to a geographical site from a physical and imaginative distance. By extension, place names that are tagged as 'visits' in one part of the text can also be tagged as 'not visited' in another part. Additional tags were used to identify the day/date of the tour, people encountered/mentioned and so on.
Having the place names tagged in XML meant that it was easy to extract this information and to insert it into a database. From here they were joined to the Ordnance Survey's (OS)
1:50,000 gazetteer, a database table that gives the names of each of the 260,000 places marked on the OS's Landranger series of maps of Britain together with a National Grid reference. 20 These grid references give the co-ordinates of the bottom-left hand corner of the one kilometre grid square in which the name of the place appears on the OS map. Adding 500m to these in both x and y gives the grid reference of the centre of the square which, in theory, means that the co-ordinate is accurate to within 500m in both x and y.
Joining the list of place names that appears in the texts to the gazetteer represented a first step towards the creation of a list of co-ordinates for every place name that occurs in the accounts.
Further work then had to be carried out to deal with spelling mis-matches; and a small amount of disambiguation was required where a place could refer to more than one location.
This process provided a database table that gave the name of the place as provided in the text, a standardised version taken from the OS gazetteer, and a northing and an easting also from the gazetteer. In total we identified co-ordinates for 280 places mentioned by Gray and 384 in
Coleridge's account.
The final stage was to convert this data into a GIS. This is a relatively straightforward process as a database table with x and y fields can be easily converted into a GIS through software which uses the co-ordinates to create its spatial data. This provides us with a basic GIS in which the spatial data are points representing the places to which the writers refer, and the attributes include the dates on which they mention places, whether they visited those sites or not, and so on. One problem that immediately comes to light when this is mapped is the accuracy of the locations of place names. While towns and villages, mountains, and many other features can logically be given a point location based on the one kilometre grid square in which the name is centred on an OS map, rivers and long thin lakes such as Ullswater and That is to say, he refers to the Eden after listing the series of place names given above, but he must have crossed that particular river between 'Acorn-bank' and 'Whinfield-park'. This is only a relatively minor problem and, crucially, it serves to raise salient questions regarding the ways in which written records of spatial practices do not necessarily replicate the linearity of the experiences themselves. The second problem, however, is more significant. While minor errors in identifying the precise locations of most topographical features do not create significant representational inaccuracies, the mis-mapping of linear features -such as riversis more problematic. 22 As mentioned above, the gazetteer gives the location of the named place on OS 1:50,000 maps rather than the physical site itself. Fortunately, the Eamont is named in close proximity to the correct location: the point location, given by the gazetteer, lies approximately two kilometres east of where Gray is likely to have crossed the river. The
Eden, however, is considerably misplaced in that it is at least ten kilometres south-east of where the writer must have crossed.
The combined impact of these two problems means that if we join the places in sequence it appears as if Gray has back-tracked on a detour of around twelve kilometres between
Brougham Castle and the Eamont, before progressing on to Penrith. A solution to this would clearly be to move the points to a more probable location for Gray's movement through space. This process would raise further issues, however, and would heighten the speculative nature of the literary map. There is an argument, therefore, that the locations taken from the gazetteer provide an objective representation of the sequentiality of Gray's naming of places.
As a result, we have usually left the points provided by the gazetteer in place; they may be inaccurate but their existence raises important methodological and conceptual issues for the literary GIS. In cases of obvious mis-mappings, though, these cartographical anomalies have been omitted from subsequent analyses.
Exploring the texts using the literary GIS
[ Figure 3 ] While point maps represent the places mentioned in the text in a simple form, the human eye is not particularly adept at distinguishing point patterns. Additionally, if an author repeatedly writes about the same place, that location will only appear once on the map as the multiple symbols will be superimposed on top of one other. To make point patterns more comprehensible, then, a technique called density smoothing can be used. 23 This approach, 13 pioneered in the spatial analysis field to analyse point patterns such as those found in epidemics or crime maps, aims to measure the density of events around each location. The challenge is to change from precise and discrete points to the intensity of events as it changes continuously over space. In density smoothing a point layer is converted into a raster surface which consists of a fine mesh of square pixels. A simplistic way to do this would be to set an arbitrary distance, such as one kilometre around each pixel, and say that events that occur within this radius are 'near' the point and everything else is not. The density of events around this pixel is then:
where λi is the density of events at pixel i and nri is the number of events within radius r of pixel i. The problem with this is that the radius r is highly arbitrary and an event either lies within it or without. Density smoothing techniques avoid this problem by allowing the impact that an event has on the density to decline with distance, so that near events have a larger impact than those further away. How quickly the impact declines is set using a bandwidth h which is also arbitrary but which has less impact than a radius r. A very small bandwidth will simply reflect the actual point patterns; whilst a very large one will smooth out almost all of the variation in density. A good choice, therefore, will show the general patterns but limit the amount of complexity. Equations for density smoothing are complex but a typical one is:
where dk is the distance from pixel i to event k. Fortunately, density smoothing is incorporated into many GIS software packages such as ArcGIS so implementing it is not difficult. Figures 5 and 6 show the results of applying density smoothing to the two texts. The two maps simplify the patterns and stress that much of the writing focuses on small geographical areas and on relatively short parts of the tour: in Gray's case this means the area around Keswick on days 4 to 8 of his tour; in Coleridge's case it is the area around Scafell on day 5. What is more, it becomes apparent that the two writers concentrated on different parts of the Lake District and, as a result, their tours do not spatially overlap except to a limited extent on the road between Ambleside and Keswick.
[ Figure 7 ] 
Integrating other data
One of the key advantages of GIS is that it allows apparently disparate datasets to be integrated using their spatial data. Data on altitude, for example, is available in the form of Digital Elevation Models (DEMs) which are raster surfaces in which every pixel, usually with sides of less that 100m, is given a height value. The point layers representing the two tours can be overlaid onto a DEM to give a height for every point. Obviously there are issues of accuracy concerned with doing this given that there will be positional error in the points, as discussed above, and in the DEM. Nevertheless this offers a relatively accurate representation of the heights of the places to which each writer refers. It might be assumed that Gray's proto-Picturesque approach to landscape experience would necessarily dictate that he spent most of his tour moving through the Lake District at low levels and that, as a result, his account would concentrate on the experiences of describing the region's lakes.
Coleridge, by contrast, might be expected to move through the topography at higher levels as he endeavoured to experience, and to document, the area's more vertiginous territories.
[ Figure 8 ] Both of these would have taken him to around 250m. Places to which he refers, but does not definitely visit, show a more complex distribution. While the majority, 66 per cent, are again below 200m, he also talks about a considerable number of places above 600m (approximately 2,000 feet). These constitute 17 per cent of places that he mentions while visiting.
Intermediate height places, those between 300m and 600m (around 1,000 to 2,000 feet), only constitute 7 per cent of mentions of this type.
Coleridge's distribution is far less pronounced. As with Gray, the majority of places he mentions visiting are under 200m, but in Coleridge's case these represent two-thirds of the places he visits rather than 90 per cent. 11 per cent of places he visits are over 600m although these are all found on and around Scafell. Apart from this ascent, however, the highest places Coleridge describes visiting are again on passes, although in his case these are slightly higher and more remote than Gray's. These are found between Keswick and Ennerdale on the first day of his tour, and between Eskdale and Ulpha on the sixth day; both are around 300m in height. The distribution of the places that Coleridge mentions without actually being situated at the named location is similar to Gray's but less pronounced. Only 39 per cent of these are less than 200m compared to 66 per cent for Gray. 17 per cent of the places he mentions without being there are over 600m, almost identical to Gray's. The major difference between the two distributions is that 32 per cent of the places Coleridge mentions without being there are between 300 and 600m, an altitude that Gray largely ignores.
[ Figure 9] [ Figure 10 ] Figure 9 shows the average heights by day of the tour for both authors. The pattern for Gray is consistent with the idea that he spent most of his tour at low levels commenting on the peaks above him. The exceptions to this are day 5, 4 October, in which he gives a relatively short account of an excursion south from Keswick; and the last few days of his tour, once he reaches Kendal on day 10, when he has begun to move away from the craggy landscape of the central fells. Coleridge's pattern is intriguing in its similarities and differences to Gray's.
On day 3, around St Bees and Egremont, he only presents a very short account and the places he mentions are mainly low-lying. On day 5 he climbs Scafell and thus the averages of both his visits and the other places he mentions are very high. On the other days, however, the pattern is not very different to Gray's. He visits places that are on average at between 100m and 200m, and talks about other places that, at 300m to 400m on average, are only slightly higher than Gray's. Figure 10 illustrates this by showing the impact of the Scafell ascent on Coleridge's tour. While the average height of a place that Coleridge says he visited was 234m, nearly twice Gray's 124m, if the day of Coleridge's ascent of Scafell is removed the average drops to only 155m, only a little higher than Gray. For places mentioned without being there, once day 5 is removed Coleridge's average of 184m is actually noticeably lower than Gray's 221m. This is possibly because Gray, the touristic outsider, concentrates on referring to those low-level landscapes through which he moves and to the high fells towards which his gaze is attracted; whilst Coleridge draws upon his familiarity with the regional landscape to referring to sites located at all heights within and across the Cumbrian terrain.
Linking texts and Google Earth
As we have shown, both textual accounts are littered with place names to the extent that even a reader familiar with the region may have difficulty locating a particular geo-specific reference. In an attempt to facilitate further spatial understanding of the primary texts, then, there is a need to create a virtual space in which the user is allowed to read the text and, simultaneously, to follow the place name references on a cartographical representation of regional space. What is required is a tool that allows the reader to read the text while at the same time following the places mentioned on a map. Additionally, the spatial understanding of the texts would be enriched through access to historical maps produced at the time of the tours; visual representations of the landscape from the eighteenth-and nineteenth-centuries; and even photographs of the landscape today. This can be achieved using an HTML version of the text and maps in Google Earth. 25 Google Earth is effectively a spatial data viewer designed to work over the internet. It provides aerial photographs of the Earth's surface represented in three dimensions to show the topography. Users can add their own data to it using Keyhole Markup Language (KML), an XML implementation. 26 Google Earth provides basic viewing functionality that allows the user to pan and zoom, and to query spatial features. Hyperlinks can be included in the attribute data to provide a link to web pages which can be viewed either within Google Earth or an external browser.
[ Figure 11 ]
To create a Google Earth version of the Lake District GIS the texts were converted into HTML, and the points representing mentions and the lines providing the outline of the tour converted into KML. The data were structured in such a way that the reader could look at all of the tour or explore it day by day. Clicking on a point representing a place mentioned provides basic attribute data on this location such as the standardised version of its spelling and the date the author visited it. It also provides a link to the day of the appropriate tour which, when followed, opens either within Google Earth or an external browser. Figure 11 shows a screenshot of part of the first day of Coleridge's tour as he sets of south-west from Flickr allows users to 'geotag' their photographs with a latitude and longitude so that they also have a location. This allows a URL to pass the coordinate from Google Earth to Flickr along with a zoom level that determines how near to the point the photograph has to be to be included and the tag 'landscape.' Flickr then selects all of the images that match this criteria.
For Kescadale this returns 480 images showing the richness of content in the area. 28 In this way the reader can see contemporary views of the Lake District. There is also a contemporary map of the Lake District dating from 1815 that can be superimosed over Google Earth's landscape. While we have not included historical images of the Lakes, as yet, there is no technical reason why this can not be done. It would also be relatively simple to link from the spatial data directly to the place name in the text rather than the start of the day in which the geo-specific reference is located. Through the use of GIS, therefore, the literary critic is able to produce fluid maps which allow the user to move freely between textual, cartographical and visual representations of place and space.
Conclusions
This article has demonstrated that a textual GIS can be a useful tool for research within literary studies. The creation of a literary GIS can be achieved either through the use of basic mapping techniques, such as dot maps, or through more complex approaches, adapted from other disciplines, such as density smoothing. Having the data in GIS form also allows us to integrate different texts together to facilitate comparative analysis and also to integrate other sources of data such as the border of the National Park or height data from the DEM. As a result, the paper has been able to show that while Gray and Coleridge both toured the Lake District, there was very little overlap in the routes that they took or the places that they documented in their respective texts. The paper has also illustrated that both writers focused on the old county of Cumberland, as well as places and spaces which lie beyond the boundaries of what is now the National Park; and it has indicated that, apart from Coleridge's ascent of Scafell, the heights at which the two writers spent much of their tours were broadly similar. A major distinction, however, is that when Gray describes places at which he is not currently located, he tends to focus either on low landscapes, below 200m, or high terrains, over 600m; Coleridge, by contrast is far less discriminatory in his place naming. Finally, the paper has been able to show how GIS, through Google Earth, can be used to explore the accounts in detail by providing an interactive map which links directly to the texts, as well as other forms of data such as historical maps and contemporary photographs. The GIS has also provided much of the material for a website devoted to the two texts 29 which has received attention in the local media including the Westmorland Gazette and BBC Radio Cumbria.
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The article, therefore, has illustrated that the abilities of GIS to summarise spatial patterns, to integrate data from different sources, and to disseminate information to a broad audience can all be applied to textual material as well as the more traditional quantitative sources. GIS has one other major ability, namely the capacity to handle large volumes of material effectively.
This paper has not examined this potentiality as its principal aim has been to describe a pilot project which has mapped just two short texts. Clearly, however, the techniques described here could be used on much larger datasets: for example, all writing on the Lake District could be incorporated into this framework, or the techniques used could be applied to a much broader geographical area, potentially all of Britain, Europe, or even the whole world. Such mapping would clearly facilitate Moretti's proposed critical mode of 'distant reading'.
Assuming that the texts are in digital form, the major obstacle to the production of such literary GIS is the problematic process of allocating grid references to place names. This involves first extracting the names and then joining them to a gazetteer. In this paper the first part of this was performed manually and the Ordnance Survey gazetteer was used for the 21 second. To scale this up to cope with far larger datasets, potentially corpora consisting of millions of words, requires further work but is far from impossible. Corpus linguistics techniques can be used to automatically extract proper nouns from texts and this would provide a reasonable first pass on possible place names. Linking to a gazetteer requires improved gazetteers to be built, particularly historical gazetteers capable of handling variant spellings as they changed over time. It may also require improved methodologies to handle ambiguous place names such as Newcastle. In these cases a certain degree of user interaction is likely to remain inevitable but accuracy could be improved by better techniques. It is hoped that developments will be made in this area in the near future as this paper has demonstrated that GIS the potential to be an important tool in literary studies and, more particularly, the interdisciplinary field of spatial criticism. Clappersgate to Keswick Coleridge's tour is shown. Kescadale is being queried.
